Background: S100A8 and S100A9 have been gaining recognition for modulating tumor growth and metastasis. This study aimed at evaluating the clinical significance of S100A8 and S100A9 in non-small cell lung cancer (NSCLC). Methods: We analyzed the relationship between S100A8 and S100A9 expressions, clinicopathological characteristics, and prognostic significance in tumor cells and peritumoral inflammatory cells. Results: The positive staining of S100A8 in tumor cells was significantly increased in male (p < .001), smoker (p = .034), surgical method other than lobectomy (p = .024), squamous cell carcinoma (SQCC) (p < .001) and higher TNM stage (p = .022) compared with female, non-smoker, lobectomy, adenocarcinoma (ADC), and lower stage. The proportion of tumor cells stained for S100A8 was related to histologic type (p < .001) and patient sex (p = .027). The proportion of inflammatory cells stained for S100A8 was correlated with patient age (p = .022), whereas the proportion of inflammatory cells stained for S100A9 was correlated with patient sex (p < .001) and smoking history (p = .031). Moreover, positive staining in tumor cells, more than 50% of the tumor cells stained and less than 30% of the inflammatory cells stained for S100A8 and S100A9 suggested a tendency towards increased survivability in SQCC but towards decreased survivability in ADC. Conclusions: S100A8 and S100A9 expressions might be potential prognostic markers in patients with NSCLC.
▒ ORIGINAL ARTICLE ▒ Lung cancer is a leading cause of cancer-related morbidity and mortality worldwide.
1 Non-small cell lung cancer (NSCLC) accounts for more than 85% of all lung cancers and majority of them are suffering from NSCLC at an advanced stage. 2 Despite the discovery of molecular mutations and advances in diagnosis and treatment, the prognosis for patients with NSCLC remains poor, and a considerable number of patients experience recurrence. 1 Therefore, discovery of new biomarkers aiding in early detection and accurate prediction of tumor behavior could improve patient survival rate.
3 S100 proteins are a calcium-binding protein family with at least twenty members. 4 They have a variety of intracellular and extracellular functions, such as calcium homeostasis, regulation of enzyme activity, protein phosphorylation, cytoskeletal components, transcriptional factors, and chemo-attraction for leukocytes, and macrophage attraction. 4, 5 In addition to their physiological functions, it has been demonstrated that the expression levels of S100 proteins increase in many diseases, including cancers. 4 Recent clinical and experimental data have suggested that changes in the expression and/or function of S100 proteins may represent a key step during cancer development. 6 Moreover, genomic rearrangements at the chromosomal region 1q21, where most of the S100 genes are clustered, were frequently observed in human epithelial tumors, e.g., the lung, breast, esophagus, colorectal, and liver, as well as in tumors of soft tissue and bone. 6 S100A8 (calgranulin A) and S100A9 (calgranulin B) are members of the S100 protein family, and have been reported to be overexpressed in various kinds of cancers. 6 Previous studies have suggested that S100A8 and S100A9 play key roles in modulation of inflammation and immune response, which is conducive to genesis of almost all tumors. 7 And several studies demonstrated that S100A8 and S100A9 promote tumor cell proliferation and invasion, and enhance metastatic process, establishing pre-metastatic niches. [8] [9] [10] Moreover, some authors reported that gene expression profiling of lung tissue at exosome induced pre-metastatic niches that revealed up-regulation of genes involved in extracellular matrix remodeling and inflammation, effectors of pre-metastatic niche formation such as S100A8 and S100A9. [11] [12] [13] However, little is known about the expressions and prognostic significance of S100A8 and S100A9 in lung cancer.
In this study, we aimed to evaluate the expressions of S100A8 and S100A9 and the relationship between S100A8 and S100A9 expressions, clinicopathological characteristics, and prognostic significance in NSCLC. We also analyzed to compare S100A8 and S100A9 expression between peritumoral inflammatory cells and tumor cells.
MATERIALS AND METHODS

Patients and clinicopathological data
Samples from 148 patients who underwent surgical resection for NSCLC between January, 2002 and December, 2009 at Gyeongsang National University Hospital (Jinju, Korea) were examined by two pathologists. Stages were determined according to the guidelines in the American Joint Committee on Cancer Tumor Node Metastasis (TNM) Classification of Malignant Tumors, seventh edition. The histologic type and differentiation grade of the tumors were determined using the classification system of the World Health Organization, fourth edition. Clinical data and survival data were collected through medical record examination and National Statistical Office (Seoul, Korea) records.
14 Disease-free survival (DFS) was defined as the period from the date of surgery to the date of cancer recurrence, and disease-specific survival (DSS) was defined as from the date of surgery to the date of death, which was mostly due to NSCLC. 15 Smoking history was defined as non-smokers (< 100 lifetime cigarettes) or smokers including current smokers and ex-smokers. This study was approved by the Institutional Review Board of Gyeongsang National University Hospital with a waiver of informed consent (2017-03-027).
Tissue microarray construction
Hematoxylin and eosin-stained slides were reviewed and the most representative tumor area was marked based on its major differentiation and location near the invasive front on formalinfixed, paraffin-embedded tissue blocks.
14 A core sized 3 mm in diameter was obtained from each case. In total, five tissue microarray (TMA) blocks were constructed with 30 cores in each block.
Immunohistochemistry
Immunohistochemistry was performed on 4 μm thick sections from TMA blocks. Tissues were stained with monoclonal anti-S100A8 antibody at a dilution of 1:500 (EPR3554, Abcam, Cambridge, UK) and monoclonal anti-S100A9 antibody at a dilution of 1:250 (EPR3555, Abcam) using an automated immunostainer (Benchmark Ultra, Ventana Medical Systems Inc., Tucson, AZ, USA). Lymphoid cells in tonsil served as positive control for S100A8 and S100A9. The primary antibody was omitted for negative control.
S100A8 and S100A9 expressions
Immunohistochemical staining for S100A8 and S100A9 were evaluated in each TMA sample by visual counting of the tumor cells and peritumoral inflammatory cells that were defined as tumor infiltrating immune cells (Fig. 1) . The staining result of tumor cells for S100A8 and S100A9 was determined as negative (not stained) or positive (stained). The proportion of tumor cells stained for S100A8 and S100A9 was categorized as less than 50% or more than 50%. 16, 17 We also assessed the proportion of inflammatory cells stained for S100A8 and S100A9 classified as following: less than 30% or more than 30%. To confirm reproducibility, all samples were scored by two independent pathologists in a blind manner. If discrepancies occurred, a consensus score was reached.
Statistical analysis
The relationship between categorical variables was determined using chi-square test. The prognostic significance of various clinicopathological characteristics for DFS and DSS was assessed by the Cox proportional hazard regression method. DFS and DSS were analyzed using the Kaplan-Meier method with log-rank test between the groups. p < .05 was considered as statistically significant. The analysis was performed using IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Patient characteristics
Clinicopathological information of the patients is shown in Relationship between S100A8 and S100A9 expressions and clinicopathological characteristics in tumor cells
The relationship between S100A8 and S100A9 expression and clinicopathological characteristics in tumor cells is shown in Table 2 . Positive staining for S100A8 was significantly increased in male (p < .001), smoker (p = .034), surgical methods other than lobectomy such as bilobectomy or sleeve lobectomy and pneumonectomy (p = .024), SQCC (p < .001) and higher TNM stage (p = .022) compared with female, non-smoker, lobectomy, ADC and lower stage. The association between positive staining for S100A8 and surgical method was derived from SQCC cases because lobectomy was done for all ADC cases. The proportion of tumor cells stained for S100A8 showed significant association with histologic type (p < .001) and patient sex (p = .027). However, positive staining for S100A9 and proportion of tumor cells stained for S100A9 did not show any significant correlation with clinicopathological characteristics.
Relationship between proportion of inflammatory cells stained for S100A8 and S100A9 and clinicopathological characteristics
The relationship between proportion of inflammatory cells stained for S100A8 and S100A9 and clinicopathological characteristics is shown in Table 3 . The proportion of inflammatory cells stained for S100A8 was significantly correlated with patient age (p = .022) but not with other factors, and the proportion of inflammatory cells stained for S100A9 showed significant correlation with patient sex (p < .001) and smoking history (p = .031).
Relationship between S100A8 and S100A9 expressions in tumor cells and inflammatory cells
The relationship between S100A8 and S100A9 expressions in tumor cells and inflammatory cells is shown in Table 4 . In tumor cells, the positivity of S100A8 and S100A9 significantly correlated with the proportion of tumor cells stained for each protein (p < .001). The positivity and proportion of tumor cells stained for S100A8 showed significant association with positivity of S100A9 (p < .001), and the proportion of tumor cells stained for S100A8 showed significant correlation with the proportion of tumor cells stained for S100A9 (p < .001). In inflammatory cells, the proportion of inflammatory cells stained for S100A8 showed significant correlation with that of inflammatory cells stained for S100A9 (p < .001). In addition, the positivity of S100A8 and S100A9 in tumor cells was significantly correlated with the proportion of inflammatory cells stained for S100A9 (p = .031 and p = .010, respectively).
S100A8 andS100A9 expressions and survival analysis
The mean follow-up time of the patients in this study was 113 months. In total, 48.6% of the patients (n=72) had recurrence and 41.9% (n=62) died. The median DSS time was 37 months. The recurrence rate and survival rate had no significant differences between any groups, such as the staining result of tumor cells, proportion of tumor cells and inflammatory cells stained for S100A8 and S100A9 in NSCLC.
In SQCC, 54.2% of the patients (n = 52) had recurred and 46.9% (n = 45) died. DSS rate was significantly higher in the group in which more than 50% of the tumor cells were stained for S100A9 (n = 36, 62.1%) compared with the group in which less than 50% of the tumor cells were stained (n = 15, 39.5%) (p = .030). Indeed, Kaplan Meier analysis confirmed that more than 50% of the tumor cells stained for S100A9 were significantly associated with a favorable DSS (p = .016). Moreover, a multivariate Cox proportional hazards regression model demonstrated that more than 50% of the tumor cells stained for S100A9 represent an independent factor for good DSS (hazard ratio, 0.483; 95% confidence interval, 0.265 to 0.880; p = .017) ( Table  5) . But DFS and DSS rates did not show statistical differences between the groups with staining results of the tumor cells and the proportion of inflammatory cells stained for S100A8 and S100A9. However, the groups with positive staining in tumor cells for S100A8 and S100A9 and the group with more than 50% of the tumor cells stained for S100A8 did show a tendency towards increased DFS and DSS rates compared with the groups showing negative staining or less than 50% of the tumor cells stained. Also, groups showing less than 30% of the inflammatory cells stained for S100A8 and S100A9 revealed an increasing trend of better prognosis compared with groups showing more than 30% stained ( Fig. 2A-F) .
In ADC, 32.4% of the patients (n = 12) had recurrence and 21.6% (n = 8) died. The DFS and DSS rates had no significant differences between any groups, such as staining result of the tumor cells, the proportion of tumor cells and inflammatory cells stained for S100A8 and S100A9. However, the groups with positive staining in tumor cells and groups with more than 50% of the tumor cells stained for S100A8 and S100A9 did show a tendency towards decreased DFS and DSS rates compared with groups with negative staining and less than 50% of the tumor cells stained. Also, groups with less than 30% of the inflammatory cells stained for S100A8 and S100A9 revealed a trend towards worse prognosis compared with groups with more than 30% stained (Fig. 3A-F) .
DISCUSSION S100A8 (MRP8, myeloid-related proteins 8) and S100A9 (MRP9) were originally discovered in myeloid cells. 8 High levels of S100A8 and S100A9 expressions are characteristic of inflammatory conditions, acting as chemotactic molecules that are constitutively expressed by neutrophils, activated monocytes, macrophages, and myeloid-derived suppressor cells-derived exosomes.
9 S100A8 and S100A9 are often co-expressed and typically function as a S100A8/A9 heterodimer (calprotectin). 9 Due to their abundance in inflammatory cells, the main functions of S100A8 or S100A9 have been attributed to their roles in inflammatory diseases. 9 However, the important roles of S100A8 and S100A9 have been increasingly recognized in modulation of tumor growth and metastasis. 10 Several studies have indicated that S100A8 and S100A9 promote tumor cell proliferation and invasion via activation of various intracellular signaling pathways, including phosphorylation of mitogen-activated protein kinase in tumor cells and promoting activation of nuclear factor κb; they also enhance metastatic process by mediating pre-metastatic niches as chemo-attractants and decreasing matrix metalloproteinases. 5, [10] [11] [12] Moreover, S100A8 and S100A9 are upregulated in various human cancers such as lung, prostate, colon, gastric, breast, and skin cancer, with abundant expression in neoplastic tumor cells as well as infiltrating immune cells surrounding the tumor. 5, 13 There are only a limited number of studies investigating expressions of S100A8 and S100A9 in lung cancer. In the study by Su et al., 18 up-regulation of these proteins was found in ADC Values are presented as number (%). Specimens of two patients were not informative for staining result of tumor cells in S100A8 and S100A9 expressions, due to loss of the specimen. SQCC, squamous cell carcinoma; ADC, adenocarcinoma; LCN, large cell neuroendocrine carcinoma; TNM, tumor-node-metastasis. a Others include bilobectomy or sleeve lobectomy and pneumonectomy.
that correlated with the clinical characteristics of ADC, inflammation, and stage IV lesions. Arai et al. 19 reported that the expression level of S100A9 in pulmonary ADC showed a high correlation with poorly differentiated carcinomas, and Huang et al. 20 exhibited that positive expressions of S100A8 and S100A9 in NSCLC were significantly higher in poorly differentiated tumors compared with moderately-and well-differentiated tumors.
In this study, we found that positive staining of tumor cells for S100A8 correlated significantly with patient sex, smoking history, surgical method, histologic type and TNM stage and the proportion of tumor cells stained for S100A8 was significantly related to the histologic type and patient sex in NSCLC. We also observed that the proportion of inflammatory cells stained for S100A8 was significantly related to the patient age, and that of S100A9 showed significant correlation with patient sex and smoking history in NSCLC. In addition, positivity of tumor cells and/or proportion of tumor cells stained for S100A8 and S100A9 significantly correlated with positivity of tumor cells and/or proportion of inflammatory cells stained for S100A8 and/or S100A9 in NSCLC, indicating that inflammation is closely associated with cancer. 21 Moreover, we analyzed that DSS rate was significantly higher in the group with more than 50% of the tumor cells stained for S100A9 compared with the group with less than 50% stained in SQCC, confirmed by Kaplan-Meier analysis and the multivariate Cox proportional hazards regression model.
Another interesting finding of this study is that the groups with positive staining in tumor cells, the groups with more than 50% of the tumor cells stained and the groups with less than 30% of the inflammatory cells stained for S100A8 and S100A9 showed a tendency towards increased DFS and DSS rates in SQCC but towards decreased rates in ADC.
The present study is the first evaluate the expressions of S100A8 and S100A9 in NSCLC and their prognostic significance.
In SQCC, several studies have demonstrated that high expression of S100A8 and/or S100A9 could be a favorable factor while showing frequent loss or reduction of the protein expressions in the head and neck, esophagus and cervix. [22] [23] [24] [25] There are a few studies reporting that S100A8 and S100A9 are related to the regulation of keratinocyte proliferation and differentiation. 25, 26 Our results also reveal that positive staining for S100A8 and S100A9 may have a favorable effect on the prognosis in pulmonary SQCC.
In previous studies, strong S100A8 and S100A9 up-regulation was found in breast, gastric, colorectal, pancreatic, and prostate cancer. The altered S100A8 and/or S100A9 expressions in carcinomas of glandular cell origin, such as breast, lung, and thyroid gland, were related to poor tumor differentiation and more aggressive behavior, which is consistent with our results in ADC. 6, 17, 19, [27] [28] [29] [30] [31] [32] [33] Some studies have shown that cancer-related inflammation is often considered to support malignant progression and metastasis, showing up-regulation of S100A8 and S100A9 by inflammatorycells. 9, 10, 21, 25 However, the same inflammatory cells also participate in anti-tumor immunity and restraint of malignant disease. 34 The balance between anti-tumor and pro-tumor functions can be dependent on polarization state, interaction with tumor microenvironment, and/or the tumor type. 10, 35 In the same context, our studies reveal that the proportion of inflammatory cells stained for S100A8 and S100A9 may have an influence that is quite opposite in SQCC and ADC.
There are some limitations to this study. For example, we included a TMA core per case in analysis, which could induce a lack of representativeness. In addition, we did not use an adjustment method in scoring of inflammatory cells although tumor infiltrating immune cells consist of various cells. Moreover, the number of ADC cases were small, and they were all removed by lobectomy so we could not use the variable of surgical method in Cox proportional hazards regression model. A large-scale study with an organized study design including a sufficient number of cases and tissue samples is recommended in future studies.
In summary, we have found that positive staining in tumor cells, more than 50% of the tumor cells stained and less than 30% of the inflammatory cells stained for S100A8 and S100A9 suggest a tendency towards increased survivability in SQCC, whereas positive staining in tumor cells, more than 50% of the tumor cells stained and less than 30% of the inflammatory cells stained for S100A8 and S100A9 suggest a tendency towards decreased survivability in ADC. Consequently, S100A8 and S100A9 expressions could be potential prognostic factors in patients with NSCLC.
Many recent studies have provided evidence that implicates S100A8 and S100A9 to play important roles in cancer. However, the expressions and/or functions of S100A8 and S100A9 are much more complicated, supporting our data. Further studies are needed to fully comprehend their roles in cancer. Proportion of tumor cells stained for S100A8 Less than 50% (n = 62) More than 50% (n = 34)
Proportion of inflammatory cells stained for S100A8 Less than 30% (n = 17) More than 30% (n = 79)
Proportion of inflammatory cells stained for S100A9 Less than 30% (n = 5) More than 30% (n = 91)
Proportion of tumor cells stained for S100A9 Less than 50% (n = 38) More than 50% (n = 58)
Staining result of tumor cells for S100A9 Negative (n = 9) Positive (n = 85) D E F A B C Fig. 2 . Kaplan-Meier survival analysis of survival curves based on S100A8 and S100A9 expressions in patients with squamous cell carcinoma. The groups with positive staining in tumor cells (A, D), the groups with more than 50% of the tumor cells (B, E) stained and the groups with less than 30% of the inflammatory cells (C, F) stained for S100A8 and S100A9 reveal a tendency towards increased survivability compared with the groups showing negative staining, less than 50% of the tumor cells stained and more than 30% of the inflammatory cells stained. Fig. 3 . Kaplan-Meier survival analysis of survival curves based on S100A8 and S100A9 expressions in patients with adenocarcinoma. The groups with positive staining in tumor cells (A, D), the groups with more than 50% of the tumor cells (B, E) stained and the groups with less than 30% of the inflammatory cells (C, F) stained for S100A8 and S100A9 reveal a trend towards decreased survivability compared with the groups showing negative staining, less than 50% of the tumor cells stained and more than 30% of the inflammatory cells stained.
